REMARKS 

Claims 65-66, 70-75, and 80-83 are pending in the application. 

Claims 70-71, 75, and 80-83 were rejected under 35 U.S.C. § 1 12, first paragraph. 
Claims 65-66, 70, 72-74, and 83 were rejected under 35 U.S.C. § 103(a). Each of these 
issues is addressed as follows. 

Rejections under 35 U.S.C. § 11 2, first paragraph 
New matter 

Claims 70 and 83 were rejected under 35 U.S.C. § 1 12, first paragraph as 
containing subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventors had possession of 
the claimed invention. In particular, the Office states that the phrase "80% sequence 
identity with SEQ ID NO:4 within the CDR regions as identified in claims 73 and 80 
represents a departure from the specification and the claims as originally filed.... The 
homolog[s] were not described in terms of CDRs." For the following reasons, Applicants 
request reconsideration. 

Claim 70 reads: 

The pharmaceutical composition according to claim 65, wherein the 
variable region of said fragment comprises a sequence having at least 80% 
sequence identity with SEQ ID NO: 4 within the CDR regions as identified 
in Figure 13. 

Claim 83 reads: 

The antibody fragment of claim 72, wherein the variable regions of said 
fragment comprise a sequence having at least 80% sequence identity with 
SEQ ID NO: 4 within the CDR regions as identified in Figure 13. 

As an initial matter, Applicants point out that one skilled in the art would 
appreciate that a "homolog" in the context of the present invention includes a 
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complementary determining region ("CDR"). Applicants' specification, for example, at 
page 28 (lines 26-27) teaches the CDR regions identified in Figure 13. Applicants further 
teach, for example, at page 29 (lines 1-2) that "antigen specificity ... is determined by the 
complementary determining regions." As is recognized by the skilled worker, a CDR is 
an antibody fragment. A CDR is also one example of a ligand, in the context of a 
homolog, as described at page 9 (line 26 et seq.) of the specification. Indeed, as noted in 
Applicants' previous response, the invention also envisions the use of ligands that include 
amino acid sequences. Furthermore, the specification at page 10 (lines 21-23), for 
example, states that "the present invention relates to ligands . . . being derived from a 
monoclonal antibody." And the specification, at page 10 (lines 23-25) states: "the 
present invention also provides an antigen-binding Fab fragment, or a homolog or 
derivative of such fragment (emphasis added)." And CDRs are plainly antigen-binding 
Fab fragments. In view of Applicants' teaching, there is little question that claims 70 and 
83 were disclosed in the specification where it is stated that "the ligands in accordance 
with the invention may include at least 80% sequence identity with the relevant ligand." 
In this case, the relevant ligands are the respective CDR regions identified in Figure 13. 
Accordingly, in view of these remarks, this basis of the section 1 12 rejection may be 
withdrawn. 

Enablement - Hybridoma Deposit 

Applicants include a Declaration by co-inventor, Dr. Hans Deckmyn, stating that 
the deposit, LMBP5108CB, shall be maintained for a term of at least thirty (30) years or 
five (5) years after the most recent request for the furnishing of a sample of the deposit 
was received by the Belgian Coordinated Collections of Microorganisms (BCCM™) or 
for the enforceable life of the patent for which the deposit was made, as well as indicating 
that any restrictions on the availability to the public of cell line LMBP5108CB will be 
irrevocably removed upon the granting of a patent on this application, with the exception 
of those restrictions listed in 37 C.F.R. § 1.808(b). This rejection should therefore be 
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withdrawn. 

Enablement - Scope 

Claims 70 and 83 were rejected on scope of enablement grounds. Applicants 
respectfully request reconsideration on this issue. 
Claims 70 and 83 are recited above. 

The Office has rejected these claims on the basis that, absent the ability to predict 
which antibodies would function as claimed; it would require a level of experimentation 
that is excessive and undue. Applicants respectfully disagree. 

To support this ground of the rejection, the Office relies on Rudikoff, Panka, and 
Amit for the proposition that the antigen-binding characteristics of an antibody are 
affected by even minor amino acid sequence alterations. While Applicants do not 
generally take issue with these characterizations of the references, they do disagree with 
the assertion that the references provide a basis to question the enablement of Applicants' 
specification as evidence of undue experimentation. 

First, the Federal Circuit has noted that, specifically in the antibody art, 
enablement is not negated by the necessity for some experimentation such as routine 
screening. In re Wands 858 F.2d 731, 8 U.S.P.Q.2d 1400 (Fed. Cir. 1988). The present 
invention, like Wands, involves routine screening of antibodies having the desired 
characteristics. As stated Wands, "a considerable amount of experimentation is 
permissible, if it is merely routine." Screening antibodies having the required level of 
percent identity would not require undue experimentation in the context of Wands. 

Indeed, Rudikoff, Panka, and Amit each screened antigen-binding antibody 
variants. All of the references demonstrate that characterizing antigen-binding in view of 
amino acid sequence was routine at the time the application was filed. Also routine at 
that time was determining the level of identity to a reference sequence such as 
Applicants' disclosed CDRs. Although some variants may have weak antigen-binding 
characteristics this is not detrimental to enablement. Rudikoff makes clear, at page 1982 
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(col. 1), that "[A]ll such substitutions [single amino acid substitutions] need not and 
probably do not affect antigen binding." Panka simply shows that differences in the 
variable region framework resulted in decreased or increased affinity of variant 
antibodies. Similarly, Amit, using crystallography, characterized antigen-binding 
characteristics at the amino acid sequence level. All of these references amply 
demonstrate that routine methods for determining whether an antibody possesses the 
required features were known in the art at the time the application was filed. None of 
these references support the proposition that it would require undue experimentation to 
identify antibodies falling within the present claim scope. 

Turning to the Office's additional concern that the specification provides no 
guidance how to produce monovalent antibody fragments that includes a sequence having 
at least 80% sequence identity with SEQ ID NO:4 within the CDR regions, Applicants 
point out that armed with Applicants' CDR sequences one skilled in the art could readily 
produce the claimed compositions. The Federal Circuit has long held that the proper test 
of enablement is "whether one reasonably skilled in the art could make or use the 
invention from the disclosures in the patent coupled with the information known in the art 
without undue experimentation (emphasis added)." Hybritech, Inc. v. Monoclonal 
Antibodies, Inc. 802 F. 2d. 1318 (Fed, Cir. 1985). Indeed, using standard computer 
programs and cloning methods, one skilled in the art could generate a number of amino 
acid substitutions within the CDR, and test for antigen-binding specificity and biological 
activity as outlined in Applicants' specification without undue experimentation. Again 
all that is involved is routine screening. This test for enablement has also been met in the 
present case. 

For all of the above reasons, Applicants request reconsideration and withdrawal of 
this basis for the enablement rejection. 

Rejection under 35 U.S.C. § 103(a) 

Claims 65-66, 70, 72-74, and 83 were rejected under 35 U.S.C. § 103(a) as being 
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unpatentable over Ward et al. (1995) in view of Owens et al. (1994) and U.S. Patent No. 
4,73 1,245 (the '"245 patent"). For the following reasons, Applicants respectfully 
traverse this rejection. 

To establish a prima facie case of obviousness under § 103, the Office must 
demonstrate that the differences between the claimed invention and the prior art are such 
that the subject matter as a whole would have been obvious, at the time the invention was 
made, to a person having ordinary skill in the art. 35 U.S.C. § 103(a) (Supp. Ill 1997); In 
reDembiczak, 175 F.3d 994, 998, 50 U.S.P.Q.2d 1614, 1616 (Fed. Cir. 1999), abrogated 
on other grounds by In re Gartside, 203 F.3d 1305, 53 U.S.P.Q.2d 1769 (Fed. Cir. 2000). 
Whether or not a claimed invention would have been obvious is a "legal conclusion based 
on underlying factual inquiries including: (1) the scope and content of the prior art; (2) 
the level of ordinary skill in the art; (3) the differences between the claimed invention and 
the prior art; and (4) objective evidence of nonobviousness." Id. 

Where "claimed subject matter has been rejected as obvious in view of a 
combination of references, a proper analysis under § 103 requires, inter alia, 
consideration of two factors: (1) whether the prior art would have suggested to those of 
ordinary skill in the art that they should . . . carry out the claimed process; and (2) 
whether the prior art would have revealed that in so . . . carrying out, those of ordinary 
skill would have a reasonable expectation of success." In re Vaeck, 947 F.2d 488, 493, 
20 U.S.P.Q.2d 1438, 1442 (Fed. Cir. 1991). Furthermore, it is "impermissible within the 
framework of section 1 03 to pick and choose from any one reference only so much of it 
as will support a given position, to the exclusion of other parts necessary to the full 
appreciation of what such reference fairly suggests to one of ordinary skill in the art." In 
re Wesslau, 353 F.2d 238, 241, 147 U.S.P.Q. 391, 393 (C.C.P.A. 1965) (emphasis 
added). 

"Both the suggestion and the expectation of success must be founded in the prior 
art, not in the applicant's disclosure." In re Dow Chem. Co., 837 F.2d 469, 473, 5 
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U.S.P.Q.2d 1529, 1531 (Fed. Cir. 1988). As the Federal Circuit has observed (emphasis 
added): 

A critical step in analyzing the patentability of claims pursuant to section 
103(a) is casting the mind back to the time of invention, to consider the 
thinking of one of ordinary skill in the art, guided only by the prior art 
references and the then-accepted wisdom in the field. . . . Most if not all 
inventions arise from a combination of old elements. . . . Thus, every 
element of a claimed invention may often be found in the prior art. . . . 
However, identification in the prior art of each individual part claimed is 
insufficient to defeat patentability of the whole claimed invention. . . . 
Rather, to establish obviousness based on a combination of the elements 
disclosed in the prior art, there must be some motivation, suggestion or 
teaching of the desirability of making the specific combination that was 
made by the applicant. 

In re Kotzab, 217 F. 3d 1365, 1369-70, 55 U.S.P.Q.2d 1313, 1316 (Fed. Cir. 2000) 

(citations omitted) (emphasis added). 

Moreover, the evidence of a suggestion, teaching, or motivation to combine " must 

be clear and particular (emphasis added)." Dembiczak, 175 F.3d at 999, 50 U.S.P.Q.2d at 

1617. "Defining the problem in terms of its solution reveals improper hindsight in the 

selection of the prior art relevant to obviousness." Monarch Knitting Mack Corp. v. 

SulzerMorat GMBH, 139 F.3d 877, 881, 45 U.S.P.Q.2d 1977, 1981 (Fed. Cir. 1998). 

Thus, even if the Examiner identifies every element of a claimed invention in the prior 

art, this alone is insufficient to negate patentability. Otherwise, "rejecting patents solely 

by finding prior art corollaries for the claimed elements would permit an examiner to use 

the claimed invention as a blueprint for piecing together elements in the prior art to defeat 

the patentability of the claimed invention." In re Rouffet, 149 F.3d 1350, 1357, 47 

U.S.P.Q.2d 1453, 1457 (Fed. Cir. 1998). To avoid hindsight based on the invention to 

defeat patentability of the invention, the Federal Circuit requires an Examiner to show a 

motivation to combine the references that create the case of obviousness. Id. That is, 

"the examiner must show reasons that the skilled artisan, confronted with the same 

problems as the inventor and with no knowledge of the claimed invention, would select 
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the elements from the cited prior art references for combination in the manner claimed." 
Id, (emphasis added). 

In maintaining the obviousness rejection the Office states: 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to produce the monoclonal antibody taught by Ward et 
al as Fab as taught by the Owens et al and place the resultant Fab fragment 
which binds to platelet glycoprotein GPIba polypeptide taught by the Ward 
et al reference in a composition taught by the ' patent. 

One of ordinary skill in the art at the time the invention was made would 
have been motivated to do so because eight antibodies mapped to the N- 
terminal fragments of gplba, and these were tested for their ability to block 
binding of 125 1-labelled von Willebrand factor to washed platelets in the 
presence of ristocetin or botrocetin and because it would further lead to 
insights into mechanisms of vWF function both in vitro and in vivo. Given 
that the antibody fragments are the reagents of choice for some clinical 
applications one ordinary skill in the art at the time the invention was made 
would be motivated to include such fragments in a composition because the 
composition can be formulated in dosage unit form. The amount of the 
active ingredient contained in each dosage unit may be adjusted so as to 
enable the administration of the antibody at a daily dose as taught by ' 245 
patent. 

This rejection should be withdrawn because the asserted motivation for combining 
these references is unsupported by the references themselves. No prima facie case for 
obviousness exists in this case. 

It is inappropriate for the Office to view Owens, Ward and the '245 patent in 
hindsight and with the success of Applicants' invention in mind. Instead, what is 
required is that the Office must "cast its mind back to the time of the invention," as 
required by In re Dow and be guided "only by the prior art references and the then- 
accepted wisdom in the field." In re Dow, 837 F.2d at 473 (emphasis added). 

If this standard is applied, it is clear that a skilled worker reading Ward would not 
be motivated to look to Owens or the '254 patent or both. First, Ward never indicates 
that one of the 17 monoclonal antibodies that bind GBlba would be beneficial for 
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therapeutic administration. Ward makes no mention of antibody fragments, and further 
never teaches or suggests that fragments of the anti-GBlba antibodies be produced. 
Ward is also uncertain as to the significance of their own findings, concluding "[fjurther 
studies . . . may provide valuable insights into the mechanisms of vWF function in vitro 
and in vivo." What are the valuable insights into the mechanisms of vWF function? At 
best, Ward advocates additional research. Wards provides no "clear and particular" 
direction for using any of the eight disclosed antibodies as therapeutics. 

With respect to Ward, the Office also asserts that "Ward has done nothing 
different [than] the Applicant's specification with respect to in vivo data." Applicants 
disagree. Unlike Ward, which provides no opinion on in vivo function of the anti-GBlb 
antibodies, Applicants teach, for example, in vivo baboon studies (Examples 7-9). 

Owens and the '245 patent never mention antibodies that bind human glycoprotein 
GPlb much less suggest that the claimed antibodies would be beneficial therapeutics. 
Both references are unavailing because each merely provides methods known at the time 
the application was filed. None, alone or in combination with Ward, provides a single 
insight into the in vivo therapeutic activity of the claimed compositions. 

The Ward, Owens, and 6 245 patent prior art combination is not the type of "clear 
and particular" motivation required by the Federal Circuit. In re Dembiczak, 175 F.3d at 
999. Without motivation for the combination of references, no prima facie case of 
obviousness can exist, and the § 103 rejection on this basis alone must be withdrawn. 

The Office attributed little weight to Applicants' reliance on the Cadroy and 
Bergmeier references, stating: 

Both references used either an intact antibody or a divalent antibody, but 
not monovalent antibody. Again the resultant antibody fragment of Fab or 
scFv would not be expected to cause thrombocytopenia. 

Bergmeier, makes clear, at page 892 (2 nd paragraph) that "attempts to block certain 
epitopes on GPlb with modified antibodies may generally result in 
thrombocytopenia.... [and] in vivo blockage of certain epitopes on GPlb may, therefore, 
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not be a promising antithrombotic strategy." Bergmeier teaches that antibody binding to 
GPlb results in thrombocytopenia, regardless of whether the antibody is a F(ab) 2 , Fab, or 
scFv. Indeed, Bergmeier concedes that thrombocytopenia results from the binding 
between the antibody and its GPlb epitope. 

Bergmeier discourages one skilled in the art away from Applicants' monovalent 
antibody fragment antithrombotic strategy. Bergmeier 5 s teaching would lead a person of 
ordinary skill, upon reading the reference, in a direction divergent from the path that was 
taken by Applicants. The skilled worker would not be led to construct additional 
antibody fragments such as Fabs or scFvs when Bergmeier teaches that antibody binding 
to GPlb results in thrombocytopenia. For this reason as well, the obviousness rejection 
in this case must be withdrawn. See, for example, In re Haruna, 249 F.3d 1327, 1335, 58 
U.S.P.Q.2d 1517, 1522 (Fed. Cir. 2001) ("A prima facie case of obviousness can be 
rebutted if the applicant ... can show 'that the art in any material respect taught away 5 
from the claimed invention .... A reference may be said to teach away when a person of 
ordinary skill, upon reading the reference, ... would be led in a direction divergent from 
the path that was taken by the applicant .")(emphasis added) (citations omitted). 

Indeed, as further evidence that use of antibodies against GPlb as therapeutics was 
discouraged by workers in the field, applicants direct the examiner's attention to Phillips 
et al. (Therapeutic approaches in arterial thrombosis, Journal of Thrombosis and 
Haemostasis 3:1577-1589, 2005; copy enclosed) at page 1583, left column, where it is 
stated that "[modulation of the VWF/GPIba axis has been the subject of many 
investigations with promising animal experimental results, but severe thrombocytopenia 
has been associated with the use of antibodies against GPIbot, thus reducing the general 
interest of the scientific community for several years. 55 Given this statement too, it is 
unreasonable to assume that one skilled in the art, at the time the application was filed, 
would have been motivated to combine the teachings of Ward, Owens, and the '245 
patent in the manner suggested by the Office. 

Furthermore, the Office, provides no authority, as required by the Federal Circuit, 
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for the conclusion that Fab or scFv fragments would "not be expected to cause 

thrombocytopenia" in the context of an antibody that binds to GPlb. See, for example, In 

re Sang Su Lee, 277 F.3d 1338, 1343, 61 U.S.P.Q.2d 1430, 1433 (Fed. Cir. 2002), 

quoting McGinleyv. Franklin Sports, Inc., 262 F.3d 1339, 1351-1352, 60 U.S.P.Q.2d 

1001, 1008 (Fed. Cir. 2001). ("[T]he factual question of motivation [to combine 

references] is material to patentability, and ...[cannot] be resolved on subjective belief 

and unknown authority."). 

Finally, the Office's reliance on an inherent characteristic of the resultant 

antibodies (i.e, "without incurring thrombocytopenia") is also contrary to Federal Circuit 

case law. In In re Rijckaert, 9 F.3d 1531, 28 U.S.P.Q.2D 1955 (Fed. Cir. 1993), the court 

faced with an equivalent question unambiguously held that: 

"The mere fact that a certain thing may result from a given set of 
circumstances is not sufficient [to establish inherency.]" In re Oelrich , 666 
F.2d 578, 581-82, 212 USPQ 323, 326 (CCPA 1981) (citations omitted) 
(emphasis added). "That which may be inherent is not necessarily known. 
Obviousness cannot be predicated on what is unknown." In re Spormann, 
363 F.2d 444, 448, 150 USPQ 449, 452 (CCPA 1966). Such a retrospective 
view of inherency is not a substitute for some teaching or suggestion 
supporting an obviousness rejection. In re Newell, 891 F.2d 899, 901, 13 
USPQ2d 1248, 1250 (Fed. Cir. 1989) 

The holding goes directly to the issue of the appropriateness of the Office's obviousness 
rejection in view of its finding that the "resultant antibody fragment . . . would not be 
expected to cause thrombocytopenia." The Office provides no support for its inherency 
theory. Applicants' claim limitation "without incurring thrombocytopenia" is neither 
"inherent" in Ward and Owens, nor the '245 patent. In short, the Office's retrospective 
view of inherency is not a substitute for some teaching or suggestion which supports the 
selection and use of the claimed composition. For this reason too, Applicants 
respectfully request reconsideration of the obviousness rejection 
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CONCLUSION 

Applicants respectfully request reconsideration and withdrawal of all rejections in 
this case. 

Enclosed are a Petition to extend the period for replying to the Office Action for 
three (3) months, to and including November 28, 2005, and a check in payment of the 
required extension fee. Also enclosed is a Notice of Appeal. 

If there are any additional charges or any credits, please apply them to Deposit 
Account No. 03-2095. 



Respectfully submitted, 



Date: 2? No\r^m^^OO^~ 




Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 
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Summary. The concnt staiidard of care Jbr the treatment or 
arterial Ihromboflin includes anticoagulants and three classes of 
antiplatelet agcnls - aspirin, thfcnopyiidincs and glycoprotein 
lib-ma antagonists. Although these drags have had a Signifi- 
cant impact on morbidity and mortality in several patient 
populations, up to 15% or the high risk patient* with acute 

coronary syndrome continue to suffer from ischemic events. 
This problem may occur, in part, because the platelets In many 

patients arc non-^esponsive to aspirin and clopidogrci. Murine 
models now indicate that platelets arc not only responsible for 
arterial occlusion, they arc also involved in the progression of 
atherosclerotic disease. New opportunities have emerged 
identifyina potential targets and strategies tor drug discovery 
suited to address these deficiencies by more effectively modu- 
lating platelet adhesion, thrombus growth, thrombus stability 
and the pro-inflammatory activity of platelets, in addition, a 

growing need has emerged for the development of bedside 
devices capable of bringing personalized medicine to patients 
being treated with antithrombotic drugs in order to measure the 
pr^nnacodynainic activities of new therapies, to assess the 
activities achieved by combined antithrombotic therapy, and 10 
identify patients thai Jail to respond. 

Keywords: anUcoagufant, antiplatelet, aihcrosclcroas. plaielei, 

platelet monitoring, thrombosis. 

Introduction 

Arterial thrombosis is the result of sequential events involving 
platelet adhesion, activation and subsequent aggregation mat 
can lead to vascular occlusion, perhaps the primary patholo- 
gical complication of advanced atherosclerotic lesions. Recent 
advances in the field of thrombosis suggest that the second 
pathological consequence of platelet adhesion and activation 
may be as consequential as the Immediate ischemia, induced by 
arterial thrombosis as platelets arc a primary source of wvcral 
inflammatory proteins known to be involved in the progres- 
sion of atherosclerotic disease including RANTES, &GD40L, 
FDGI* and transforming growth factor-p (TGF-pX These 
corislderancns suggest that therapeutic targeting of platelets 
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has two objectives: first, prevention of vessel ocduaion; 
second, inhibition of the platelet contribution to lesion 

progression. . . 

The pharmaceutical industry has made unporuint inroads 
into the development of drugs for the treatment of the 
thrombotic complications of atherosclerosis. In one example, 
the occlusive, Ischemic coiiBcqucncwi of acute myocardial 
infarction (MO have been addressed, by thrombolytics to lysc 
the thrombus, and more recently by tatcrvrational strategies 
to mechanically remove or dislodge the thrombus and to 
maintain artery patency with stents coated with agents each as 
rapamycin or paclitaxcl to reduce the incidence of rcarenosta. 
)n yet another example, antagonists against platelet receptors 
such as p^protdn (GF) Ub4fla and WTu have been 
developed, joinmg aapi™- a C 0 *" 1 fchibiuw « the primary 
antithrombotic drugs. However, despite these advances in 

antithrombotic therapies and the widespread use of siatins to 

reduce cholesterol and CRP levels, the Incidence of athero- 
nderosi* continues to rise, as do the ischemic consequence of 
atherosclerosis including Ml and stroke. An added complica- 
tion Is type 2 diabetes which is an Independent rtok rhetor for 

cardiovascular disease (CVD), A recant analysis uT Ihe 
Frammgham Heart Study showed that even though manage- 
mem of risk factors such as blood pressure and cholesterol has 
improved significantly In The total patient population, the 
rmjscncc of diabetes significantly reduced the overall benefits 
[tj. While it may be possible to address these pathologies by 
more aggressive health manajfement, and by more optimal 
application of existing therapies, clearly, truly eUcCtive treat- 
ment of the thrombotic consequences of atherosclerosis 
requires not only the development of drugs to be used as 
primary care on a chronic basis to prevent ihrombosis and Its 
ischemic mrr""" *'' 1 ™ but also lo block the contribution of 
platelet-induced mflanrauition in the progression of aUwro- 
Rderotic disease. Reviewed bdow is the rocchajiisro of action, 
clinical successes and limimtions of the four drug classes 
currently used to prevent arterial thrombosis; aspirin, P2Y I2 
inhibitors, GP Ilb-OTa antagonists and anticoagulants. Thera- 
peutic opportunities afforded by our current understanding of 
the n vrha"'™™ of arterial thrombosis and the hiflarnrnatory 
activity of platelets are discussed. Finally, recognizing that 
individuals vary in response to various drugs and that 
combination antithrombotic therapies has become common- 
place, we wfll highlight the need Tor Improved prtanriaco- 
dynamic assessment of platelet function. 
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1678 J>. Jt PkMf* * •» 
Current strategies 

nurrent therapeutic strategies tor the ueatmem of ancrtal 
V^tj^re htued on tite welUmown receptor systems 
SZS^F^^almplif^di^ colbgcn and, 

^I^nwn am desienaied as the primary platelet agonists. 

the activation of the receptor «"X^tZ?W^ 
binding of fibrinogen and von WUkbrand factor (VWF^ > » 

Statelet ^ti-, "^^raS uKS 
auamcnted by two autocrine actors generated u ^^ alc ~ 
SSon: IdP. rdeased from P^. dense ^ 
™ T ^n-atad by the saqocntiid actions of Cox. I and 
S^boSe^nti on mJa^cbidome arid ."^rotn 
iSS^Uanhoaptoi. Additional agBrceauon-dependent 

ZKcd tyrosine phosphorylation of GP lUaand 

_ f .Bconndarv ameismon receptors such as SLAM, COW, 
SSnd^^receptors. Even ihough to siting 
Scuo^nducadby thcreceptor sy^for thcplalelel ^ 
^aiadinHB- 1 .rediv^indudingtho«co ? Wby^ 
^A^JaS m O, (WV«i Syk (OP VD. She and ^hn (OF 
nb^a)Tdn.« that target these receptor systems have teen 
S^S Sr to apSly inhibit the .eceptom tkrmrives 

and P2Yt» inhibitors (clopidogrel, bcloi»dme)l, to block the 
SJSn oftbc agonists {a* the Cox-1 inhibitor ^*ganfl 
f£«orXa (FXa) inhibitors [low molecular u«ght (LMW) 
h^W^ or to'entagooh* the ^J^£*^ m 
Inhibitors (standard heparin, direct thrombin uihibrtonOl- 

Aspirin 

0 rz 

Throm&n. Par-i aPW-niiS, 



and continues lo be the most widely used of these anms.The 
SSdTwLd the Spread ^ ^ drug 
thromboriawasliotindicatedb, ^*f*^^ a ?£ 
which danonsnated that aspirin reduced mortuhty &om acute 
^£™tt*at is similar to lhav or the thrombolytic «m. 
^iLase PI. The data Item mulupk triata eumma^ by 

Trials Collaboration « * 
risk red union by aspirin of vascular death, Ml or stroke, va, 
obLto ra wWeh led to the widespread adoption of aspinn as 
Sard dtcrapy for primary »d secondary prevention °\ 

was ustau aspirin to show thai *^-EEtE£»« 

dairy) is elective for long-term use [<fl. WhDe the ' 
3 B in humane is relatively short (-»««), «U cOec 
prists for the lifetime of an affected platelet m . « 

SSwj.acetylatesCox.1 

oime 4yma. Attempts have been made to develop ad duioraJ 
drugs that target the thromboxane I"*™* 1 " P*"*** 
taduding a variety of thromboxane receptor (TP) anth f^' 
thromboxane A* synthase inhibitory or compounds 
combined both functions 151 Although some of these agcnK 
had potent antithrombotic effects Ln experunen^ modds ^ 
mwsfinfcal studies, and offered the advamnisp of uiwta one thu 
T?S^actMty of prostanoid metabolites in addition to 

\^L g . isJprostantt, PGHj), they are not currently used to 
b^artoiidfaehemia as moat were ttotovahiinedmctoueally 
relevant phase HI trials [<5]. 

Thlertopyridines 

The second most widely used of the aimplatdct drugs for 
chronic use arc thknopyridines targeting PZY, > This class or 
drugs, which indudea clopidogrel, and its predecessor udbpu 
dlnTact via irreversible inhibition of the platelet P2Y, Z 
receptor. Both are prodrugs, requiring hepatic metabolism Dy 



TXA2 






Fibrinogen 



Ooteyen 



;^GP VI, a2p1 



Fibrinogen. 
WVI 




© 2005 Inicrnaiional Society on Thrombosis end Hacmosuisls 



cytochrome P450 isoform 3A4 in order to generate ihe acUve 
rnctabolitc, a transient intermediate which covalently niodifia 
and Inactivates the receptor. Tidopidinc has been shown vo be 
efficadous in conditions such as claudication, unstable angina, 
and cerehrovawute disease [7]. However, the incidence of 
neutropenia assented with ticlopidine ted to the development 
or a second-generation thienopyridinc* cloptdogrcl, with 
increased potency and fewer odc^cos, In the CVtfJUE trial 
rfii dopidoftrel was shown to he more efficacious than aspirin. 

in high-risk patients (dkbetic, and Ihoae mj* a 
history of prior rcvasc^arfcetiou). Subsequently, the Cure 
Study PI demonstrated thai patients with unstable angina or 
nnn-ST segment elevation MI received a 20% relative nsk 
reduction iT they were laivdonnad to clopidogreJ plus aspirin 
v*. pbocbo plus aspirin, and the Pd-CURE substudy [10] 
showed dm this benefit extended to patienta undergoing 
pepcntancous Intervention (PCI). The slaw onset of action Of 
iWenopyridmcfi, due to their metabolism requirement, has 
nogessitated the admuiirtrotion of a large loading done 
(300 nuz) prior to acute procedures, such as Ptt, as demon- 
strated in the CREDO trial, where the maximum benefit of 
olopidogrel administered with aspirin required a loading dose 
given at least 6 h prior to the procedure. This study also 
demonstrated a rignificant 27% reduction in death, MI and 
stroke from 1-year administration of clopidogreJ plus aspirin 
following PCI, compared to 1-month dosing [11]. 

CP Uthltta antagonists 

The GP nb-TIIa antagonists are designed to bind to the intearin 
on unstmrulated platelets and on platelets after stimulation. GP 
Hb-IIIa Is an attractive antiplatelet target as it is (Don the final 
common pathway* mediating platelet aggregation irrespective 
or the agonist used to induce platelet aoiivauon. (u) piatelet- 
spcofic, and Ou) rcsptmaibte for ft variety of aaemganon- 
dependeni platelet functions including those in coagulation, 
mnramiflnT^ nhrinoryw 

GP lib-Ilia antagonists have been developed: integrum, a 
cyclic hcptaccptidc modeled after the active site of the 
dlsintegrin found in the southeast pigmy rattle snake; abcU- 
imab, a Fab fragment of a mousc/huxnan chimeric antibody 
against GP ITMILa; and tirofiban, a synthetic inhibitor of GP 
Hb-nia. All were designed to he mfusiblc Lv. drugs and arc 
therefore only admirustcrcd to patients in acute settings who 

have a high risk of experiencing an icrbrniir , event such as those 
undergoing PCI (with or without stent placement) or those 
with symptoms resulting from acute coronary syndrome (ACS) 
[12]. Use of these drugs has shown a remarkable reduction in 
death and MI Hot these indications [13-15]. 

Anticoagulants 

ACS patients, whether undergoing an invasive revasculariza- 
tion procedure or not, are treated with aspirin and ant i throm- 
bin therapy in the form of unfractionaied or LMW heparins, 
Ahhough uirfracnoaattd heparin is effective in reducing dirucal 
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events, a narrow therapeutic index makes it a less than optimal 
antithrombin for this class of patients. Lflce their parcnl 
anticoagulant, L*. standard heparin, LMW heparins are 
indirect antilhrombins and utilize imtithrombin lH to mediate 
inhibition or thrombin and FXa. As LMW heparins have more 
predictable phannacokineiics than standard heparin, they are 
used in a fixed dose manner. Early trials of the LMW heparin 
cnoxaporin in unstable angina and non-Q wave MI patienta 
demonstrated improved efficacy over standard heparin and the 
drug has emerged as the most commonly used LMW heparin 
(16,17). Fondaparinux, a synthetic pcntaiaceharide, ako util- 
izes the anthhrombm m binding region of heparin and has 
been found to be an appropriate arrheoagulant for prevention 
of deep vein thrombosis in orthopedic Surgery [18]. UnlOce 
cnoaoparm, which inhibits both thrombin and FXa, fonda- 
parinux acts only as an indirect FXa inhibitor. Venous 
thromboembolism prevention trials showed that fondaparinux 
has a superior efficacy profile to Its comparator cnoxaparin. 
Ongoing trials of fondaparinux in ACS patients wffl show if the 
concept of attaining superior efficacy by mhibilion of FXa 
alone (vs. the combination of FXa and thrombin) can be 
achieved in arterial settings. 

Combination antithrombotic therapy 

Arterial thrombosis developed at sites of spontaneously or 
mechanically disrupted athcroactaotic plaque is trigger^ by a 
multitude of highly thrombogenic material* (Lc fibrillar 
collagen and tissue fectcr). It Is the result of complex 
bterrcktions between coagulation and platelets orchestrated 
by local rheological conditions. An emerging strategy in the 
treatment of arterial thrennbosb came with the reduction that 

combinations or antithrombotics provide greater therapeutic 

benefit than arc provided by drugs used singly. Accordingly, 
the combination aspuin^lus-cloptdogrw is rapidly becoming 
the new standard of care fox the management of patienta with 

nonrST segment elevation ACS and In patients undergoing a 
PCL In support or this trend, the CURB study demrmstra- 
ted that aspmn-plus-clopidogrcl caused a 20% relative risk 
reduction of vascular death, ML and stroke compared with 
eapirm«pius-piacebo FV The dual antiplatelet therapy (aspirin* 
plus-elopidogrel) was also more effective and safer than a 
combination aspirm^ius-warfarin b coronary artery stcnting 
[19,201 The remarkable efficacy or the dual anti-platelet 
therapy has prompted the initiation of several clinical trials in 
indications a* diverse as atrial CbriDation, peripheral arterial 
disease, peripheral arterial bypass surgery, secondary and high- 
risk primary prevention* acute ST-scgmcut devation Ml and 
heart railurfc [2l\ Finafly, although anticoagulant* were 
routinely used m the development of antiplatelet agents, 
analysis! or these data shows that these cwnhmarions often 

provided a clinical benefit thai was greater than anticipated. 

We and others have used thrombosis models to evaluate 
synergisms between various pathways. B eca us e TXAi and 
ADP activate different pathways, it was anticipated that 
combinations of inhibitors of the two pathways would corner a 
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ic that the ann-thrombotic synergisms 

the complementation of the signaling 

pathway* in platelets. Activation of the receptor function of GP 
nb-ma is optimal whan engagement of G^ia or G q bib^' 1 ^ 
pathways is cxmmmed with Q| stimulation 126,27]. This 
combination occurs when either TXAa (JP) receptor (O.o/.a. 
Cjv nrnteas&actwated teccptor.l (PAfc-1) (Gia/is, G*). and 
alio potentially P2Y » (Gq) [28] is allowed to synergi** with that 
of P2Yi2 (GO- Note that tbfc model might also explain the 
synergism between aspirin and dopidogreL A different expan- 
sion Inay stem from the mhihition of the different Vl-3 kinase 
enzymes preaent in plataleta. For example, P2Y U encasement 
by ADP stimulates Fl-3 kinasc-Y whereas the engagement or 
dt h£r FcyRIIA/GPVI. PAR-1. TP, or GP nb-ITTalcad to WW 
kinase o or P-activation, This could indicate that any combi- 
nation therapy that would Hock PI-3 kinase o,-por^ wouW 
confer a strong antithrombotic efficacy. 

Limitations of current antithrombotics 

Even with the remarkable successes mat have been achieved 
with currently available antithiomboiics in the prevention of 
anerial thrombosis, limitations of this class of drugs do exist. It 
is valuable, therefore, to consider additional strategies currently 
available to design new drugs that address these limitations. 
Thar there is room for improvement is readily apparent from 
analysis of current trials. For example in SYNERGY, a trial 
with more than 10 000 high risk non^T segment elevation 
ACS patients treated with heparin or LMW heparin, aspirin* 
and. as detennined by the physician, clopidogrcl anaVor GP 
no-ma antagonists, approximately 13% of an patients still 



experienced death or non-fatal Ml within 30 days of treatment 
poi Except for aspirin, perhaps the biggest limitation of these 
drugs Is thai the dose used Is tew than ojnhnalfbrthc treatment 
of thromhosLs. The drugs were Typically titrated in proclinical 
development studies to arrive at a dose that had a wgnificant 
inhibition of Oirombosis without undue bleeding. While higher 

doses of the dmss had betxer antithrombotic activity, this 
ahvays created a bleeding risk. Although the dose selected 
required some rcfincmoni in subsequent clinical studies, this 
same strategy was employed. 

Aspirin non-responsiveness 

While u^irin b used at a dose (cvg. 70-325 rngd^) that 

yields near 100% acevyiation of Cox-1 In most individuals, it 
has been recognized for several years that individuals treated 

with aspirin still experience thrombotic events. The interpret- 
ation of this observation has bocn controversial One could 
argue that aspirin is a comparatively 'weak' inhibitor in thti it 
only blocks the production of TXA* an autocrine factor Ihal 
supplements the activities of the primary platelet agonists. 
Indeed, aggregation reactions isting platelets from individual* 

taking aspirin appear normal when high concentrations or 

primary agonists are used However, H has become clear from 
recent pharmacodynamic and biochemical fftudtefl that platelet 
responses normally blocked by inhibition of Cox-1 (the target 
of aspirin in platelets) are still present in some individuals. ^ 

observation that has led to the concept of *aspinn resistance or 
«aspi^mIlon-lt»ponderB , 130-32]. Studies of platelet aggregation 
in aspirm"trcatcd CVD patients, fenth by traditional ADP and 
arachidonic acid induced aggregation studies and by platelet 
function analysers such as PFA 1 0G\ show that S 10% of the 
individuals can be classified as aspirin non-responder* 131]. 
Additional studies demonstrated a threefold higher risk or 
major catrUcivas»ilar adverse events In the same patient 
population (30]. As the incidence of aspirin non-responders 
had been shown to be higher in patients who undergo coronary 
artery bypass graft (CABG), a recent study evaluated the 
functional and biochemical rtspanse* to aspirin on subsequent 
days following a CABG prcoadurc in a small number of 
patients [33]. The study demonstrated mat platelets from these 
patients after CABG did not completely respond to aspirin 
m mo, and that while Cox-i levels in platelets nanamcd 
constant 10 days following tibc procedure, there was a 
pronounced increase in the level of Cox-2, which is -170-foJd 

less sensitive to aspirin inhibition, especially at 3 days posh 

procedure. This may be reflective of the increased platelet 
turnover following cardiopulmonary bypass, and the increased 
level of Cox-2 could generate critical amounts of TXA 2 , in spite 

of aspirin treatment, providing a possible explanation for 

aspirin non^poiuavcncss. Other mechanisms proposed a* 
oontributing factors to aspirin nonn>wpon«v*ne» include use of 
NSAIDs, which block ecctylation by aspirin [34] and polymor- 
phisms or platelet genes (Cox-1 or GP nb-ma) [33], and 

non-cnmpJiance. However, the answer may be totally unex- 
pected such as the activation of a deacetyjasa. Clearly, further 
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studies ore needed to better define the untying mec^ism* of 
Ibis phenomenon. Aspirin use » also conlrauidicated in a 
significant population of patients, Le. those with gaSttOlMcStlnal 
bleeding and those with aspirin-induced asthma. 

cjcpidogrel non-responsiveness 

The primary Umhation of clopidogrcl is thai this drug 
dononstretes weak and somewhat variable inhibition of 
P2Y« FoHowine a fjOO-rng loading dose of cloptdogrcl, 
the extent of inhibition of ADP-induccd aggregation (5 um 
AOP) varied ftom 33% to 78% in healihy individuate, al 6 h 
post-dosing This ciFeot is further exanueratcd in patients 
undergoing PO/stem pbeement [38,391 The antithrombotic 
effect or clopidpgrei Is likely to be dependent on a number of 

factor* tncludinfl but not limited to variations in P45C*. 
polymorphism* of the P2Y U receptor and receptor signaling 
pathways. Measuicrnents of platelet aggregation and markers 
or piaicict activation (GPTJb-nia and P-sdecdn detection by 
epecific antibooies) chow tiyit clopidogrcl refiktanoe is detected 
in 3 1 % of the patients on day 5 and 15% of the patients on day 
30 of the treatment regimen [401. A prospective study of PCI 
patients with non-ST segment elevation MI showed that up to 
25% of the patients were resistant to clopidogrcl [411 When the 
patients were stratified into quartfles based on resistance to 
ADP-induccd pklcfcl aggregation, the most resistant patients 

had a 40% adverse event rate during a o-momh follow-up 

period so they am obviously being dented adequate protection 
based on inhibition of P2Y U . Ithosateb been reported that the 
antiplatelet activity of cOopidogrel is blocked in patients treated 
with a widely used cholesterol towering medication (aiorvasi- 
atin) which is undoubtedly linked to the metabolism require- 
ment for efficacy [42]. A second limitation of these drugs sterns 
from their irreversible mechanism of action, which inactivates 
the P2Yia receptor for the lifetime of the platelet. While this is 
not a particular problem with aspirin, which is also irreversible, 
this feature has led to faulted use oT clopidogrd before PCI in 
patients who are at increased risk of undergoing CABC 
procedures, as The risk for bleeding following clopidogrcl 
treatment requires postponement of the procedure for 
5-7 days, or transfusion of large numbers or platelets during 
the procedure. 

Limitations of anticoagulants — L v. 

Each anticoagulant has evolved unique issues. Replacement of 
unlractlonated heparin has had mixed success. Although the 
current ACQ AHA guidelines (20112) prefer enoxaparin over 
unfrac donated heparin, recent data do not support this 
preference. In the SYNERGY trial, enoxaparin was found 

not to be superior to unftactionated heparin [29]. In A to Z> for 

patients on a GP nb-HIa antagonist (uroCban) and aspirin, 
enoxaparin was found to be non-inferior to standard heparin 
[43]. LMW heparins also have a narrow safety window. For 
example, in unstable angina patients treated with enoxaparin. a 
25% dose increase In therapeutic level (1-23 rag kg" vs. 
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1 mg kg -1 ) produces an unacceptable number of bleeding 
events [44]. Direct thrombin inhibitors such as angiomax have 
also been studied as replacements for unfractionated heparin. 

In the REPLACE 2 trial of PCI. angiomax and provisional CiP 

ITb-ina inhibitor compared favorably to heparin plus GP Tln- 
ITIa [451. The primary end point of the trial combined efficacy 
and safely parameter* and the angioma* arm of the trial was 
statistically not inferior to the heparin arm. However, the 

benefit related to reduction oT bleeding with the use of 
angiomax is questionable. In REPLACE 2, the control group 
was likely to have been over anucoagulated as the observed 
ACT values In the heparin arm were higher than the 
recommended ACT range (200-300 5) for use of heparin in 
conjunction with GP TTh-IIIa. As angiomax is substantially 
more expensive than standard heparin, economic considera- 
tions also contribute to Its limited use In PCI patients. 

Limitations of anticoagulants - oral 

Warfarin is the only anticoagulant In chronic use. While ihe 

drug provides tremendous benefit to ifTrrlrrt individuals, its 
anticoagulant response is influenced by a variety of factors Such 
that > 50% of patients arc usually outside of the therapeutic 

ranee. Due to the large variaWlhy in the anticoagulant effect of 

warfarin and its narrow therapeutic index, a large unmet 
oHnioai need exists for an anticoagulant with predictable tixed- 
dosc usage. The need for a warfarin substitute has led to 
numerous drug development projects that have focused on 
inhibitors of coagulation proteases that specifically inactivate 
the protease active site. Xiraelagatreiu an oral thrombin 
inhibitor, was the first to show that the strategy of direct 
coagulation protease inhibition dots translate into effective 
anticoagulation and leads to antilhrombotic activity in deep 
vein uirombosb and atrial fibril Jali on patient* (461. Two fltudica 
suggest that ximclacatran is at least as effective as warfarin in 
preventing stroke in high-risk patients with atrial fibrillation 
[47]. 'Ihe studififi also showed that there are tnrfrfmrts of 
increase in liver enzymes which would require surveillance for 
potential liver toxicity in future paricnts v I Jnforturutidy, safety 
problems of ximclagalran related to serious liver toxicity has 

led the FDA to recommend against approval of this thrombin 
inhibitor. While several new experimental agents with the 

potential to be an effective and low variability anticoagulant 

have been evaluated m clinical trials, none of these are available 
for thempeutio use, so the search for a warfarin replacement 
remains a work in progress. 

While drugs that inhibit thrombin or prevent Its formation are 

a mainstay in the armamentarium used for the treatment of 

arterial thrombosis, us of this writing, no efficacy trial* have 
been performed to determine whether antagonists of PAR-1, 
the thrombin receptor on platelets, could provide a therapeutic 

benefit, potent and selective PAR-1 antagonists capable or 
inhiwtlon orthromMiHnduced platelet aggregation have been 
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reported in the literature. Peptide mimetic imtagonisls such as 
RWJ-S8259 are effective in models of thrombosis and vascular 
injury and oioH hnvc potential as therapies for treating 
ihrombosls and restenosis [481. An oral PAR-1 antagonist, 
£.5555, u bang developed as a drug candidate tor ACS but 
definitive clinical efficacy trials have not been reported \&Y 

Future directions for antithrombotic drug development 
New entimrombou'es ore required not only to overcome the 
limitations of the current drugs to better mannee^tenal 
Ischemia, but also to address the innarnrnatory activities oi 
platelets which cemiribute to progression of atherosclerotic 
disease. The suceesees and liiretatiojis of current thcrapi* 
coupled whh to advances made in our undcretimding of 
platElet biology arc instructive in the design of new dross to 
more effectively regulate validated targets. In the identfflcauon 
of new targets that may safely provide increased benefit and m 
the development of the proper combination of antithrombotic* 

for the various arterial ischemic indications. 

Agonist receptors 

White platelets arc activated by numerous a c e n to; acting on 
multiple receptors, the only validated agorirt receptor tor drug 
discovery is The xwrniicmentB for improvements over 

dopidogrel are dear - mom potent tnhibitton of P2Yia; teas 
variability of inhibition between different patients; no require- 
ment for metabolism resulting in less delay in onset to action; 
and quicker recovery of platelet function following discontinu- 
ation of use. While these requirements can most likely be best 
achieved by. an orally available reversible P2Yu antagonist, 
preclinical data Indicate three promising candidates in devel- 
opment with diflereni properties. One is cangrclor (AR- 
C69931MX), a nucleotide, intravenous compound that rcvers- 
ibly antagonizes P2Yia [50). AZD-6I4G\ an orally available 

dmsct-acting P2Y u antagonist [51], is presently bring evaluated 
in phase U clinical trials. Prasugrel (CS-747), a thicnopyridinc 
prodrug shnilar to dopidoBrel which U more rapidly converted 
to the active metabolite than is clopidogrd. has completed 
phase n trials and wiD be evaluated in phase HI trials in ACS 
patients [52]. 

ADP abo ecu on F2Yi, a Oq coupled rcccpte*. Studies using 
either selective antagonists of P2Yt or P2Yu. as well as ccne- 
largeting strategies [53-56] have demonstrated distinct rotes fox 
these two ADP receptors, P2Yi is responsible for initiation of 
aggregation to ADP [55], whue P2Y| 2 » critical for amplifica- 
tion of the aggregation response by released ADP, and for 
stabilization of platelet aggregates and the growing thrombus 
[57]. In HfMiti"" to the different roles of these two receptors in 
initiation and stabifization of thrombus growth, one could 
argue that the selective tissue distribution of P2Y W (platelets, 
megakaryocytes and glial cells), vs. F3Y X (which is ubiquitously 
expressed) makes it the preferred drug target Although mere 
are selective P2Yi antagonists which have been used as in vitro 
tools [58,59], none of these have been olinicalry evaluated as yet. 



and may not have suitable oharrnarolrinctic properties to bo 
drug candidates. 



Secondary asKnsgatton receptors 

While the initial interaction of platelets during thromtinsk i* 
dependent upon GP Hb-IHa, it has bcootno or^arcnt that 
signaling reactions initiated by rJatclct-platclct contact arc 
required for thrombus stability. Several mediators of aggrcga- 
tilTn _ity^^ signals have been identified. One is GP TTb-TThi 
itself which becomes tyrcisme phosphorylated and also wwci- 
ates wrmirumerous agnaling and cytoskcktal proteins follow- 

ing platelet aggregation. The Importance or me •outsidc-ln , 

signaling in the enhancement of platelet aggregation was 
demonstrated by the generation of knock-in mice where 
tyrosine residues Y747 and Y759 were mutated to phenylal- 
anine [601 The so-called DiYP mice displayed selective 
impairment of outstde-m signaling resulting in the formation 
of unstable aggregates, In addition, as shown in Fig. 2, ex vivo 
perfusion chamber cxpoimcnts on type HI collagen have 
shown that the DiYP mouse has defective thrombosis. Another 
protein involved in secondary platelet aggregation is CD40L, a 
tumor necrosis factor family member mainly expressed on 
activated T cells and platelets [sec 611 CD40L is cryptic in 
unstimulated platelets, but rapidly becomes exposed on the 
platelet surface after stimulation where it ia subsequently 
cleaved, prodiwing a soluble hydxoryhe product tamed 
sCD40L \6l± We have shown that mice lacking CD40L have 

a thrombosis phcnoiype and mat normal thrombosis is 
regained upon infusion of sCO401- [&*]. Interestingly, sCEWOL, 
in addition to being a ligand for 0*40, b also a Egu^ for GP 
Ilb-lHa, a reaction mat depends upon ha KGD sequence, a 
known GP Hb-lUa binding motif. SCD40L also triggers 
outsido-in signaling by tyrosmc rAofipfcorylation of GP Ilia, a 
reaction which is defective in the platelets from the DiYF 
mouse [63]. While inhibition of primary platelet agBrcgauon 
and this secondar y aggregation mechanism axe both Inhibited 
by GP TTb-nia antagonists, a potential drug target is the 
metzdloproteinase responsible for CD40L cleavage Another 
protein released upon platelet activation that functions to 
consolidate platelet thrombi is Gatti. Gene targeting of Gas6 
also demonstrates a thrombosis phenotype [641- Gos6 binds to 
three receptors on platelets, Tyro3, A*l and Mcr, but genetic 
targeting of any one urKatpcctcdly inhibits Gas6-induccd 

platelet stimulation. However, as Oas6 also induce* tyrosine 

phosphorylation of GP mo, apparently by a mechanism 
independent of binding to the inicgrin. it has been proposed 
thai Gas-6 signaling could be iheiapcutically regulated through 

inhibition of Gas&GP IlbJlIa cross-talk [65}. 

Platelet-platelet contacts induce the activation of additional 

ci gfiaiing mtyhanisms which are Involved in aggregate stabil- 
ity, one involves Eph kinases and cphrins, specifically EphA4 
and ephrinBl, which through receptor ligand interactions on 
the platelet surface enhance the binding of GP Eh- Ilia to 
immobilized fibrinogen in the presence of physiological 
agonists [66]. Recent work from our laboratory using both 
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oliEonodcotidc-bascd raicroarray analyses and m as* ^ tro " 
^pSteomte techniques has Ictenilfled two additional 
receptor famOu* that are involved. One Involves two members 
or the SLAM family of adhesion receptee, SLAM and CDS* 
the other involve* a novel protein termed PEAR1 (N. Nanda, 
M Hart and DJL Phillips, unpublished data). All prolans arc 
exposed on the surfaces of unstimulated platelet* and signal 
Bcoondaxy to GP llb-Hlaanadiated plawkt^platelet contacts 
by becoming tyrosine phosphoxylaled. Therapeutic targeung 
or one or more of these secondary aggregation receptor 
systems in platelets is an attractive possmuily as U*y appear 
to have a greater effect on thromboriii than ihey do on 



Adhesion receptors 

Several platelet adheaon receptors have been idcnUifcd but we 
wUi (bcus on GFVl and GPXbo. the adhesion receptors that are 
not only Involved in the adhesion or platelets to the highly 
thromboecnic fibrillar eoUagens in the vessel wall exposed 
following vascular injury but also contribute to platelet 

activation. Both receptors are attractive drug discovery targets 
M both ate platelet specific Under the high shear rate* 
encountered in coronary and carotid arteries, the binding of 
VWF to the coHacen surface triggers a transient interaction 
with GPIbot that allows tor a more stable interaction of the 
platelet with the collagen surface via al least two collagen 
receptors, imegrin a*, and GPVI. Recent findings indicate 
that GPlbo and *&\ pfefercntially contribute to the adhesion 
process whereas encasement of OPV3 triggers signaling cvcnis 
leading to platelet activation [67}. GPVI is non ; covalmti y 
associated with the Pc receptor v-chamawi«Biiak tmx«gh^ 
platelet via stimulation of multiple non-receptor tyrosine 

kinases. Interestingly, part or this signaling pathway may be 

common to GPIb* activation, and signal* coming from these 
two receptors contribute to the activation of the receptor 
function of GP Tlb-IHa and platelet aggrc^tian. Modulation 
or the GPVI receptor function Is becoming an attractive target 
as platelets from GPVT4icndcnt amnals, human piausleis 
expressing low levels ofOPVT, or platelets treated with a GPVI 
antibody, whue unable to support thrombus growth [67<«J. 

are nontheless able to adhere on the collagen surface (via aap, 
imegrin and potentially another collagen receptor [70D minim- 
ising the effects on hemostasis [71,72]. GPTh* is a high shear 
rate^pendent thrombosia receptor that aftccts recruitment or 

platelets at sites of vascular injury (on the collagen present In 
the subendothelhim and on adhering platelets) with minor 
impact on venous thrombotic process. Modulation or the 
VWF/GPIb« axis has been the subject of many investigations 
with promising animal experimental results, but severe 
thrombocytopenia has been associated with the use of 
antibodies against GPIbo, thus reducing the general interest 
of the scientific community for several years. Nevertheless, 
novel strategies targeting the VWF/GFIba axis through snake 

venom proteins cleaving GPIba, VWF peptides or antibodies 
against VWF are reviving this strategy. 



Signaling pathways 

The extensive repertoire of platelet functions, while initiated by 
receptors, is regulated by signal transduction pathways. While 
these pathway* have not been known as drug discovery targets, 
two observations suggest that mty arc worthy of consideration. 
First the remarkable success of OJeevec an Abebon tyrosine 
kinase mhibttor. has proven efficacy in the treatment or chronic 
myelogenous leukemia and other cancers, Whue the multiple 
Amotions of this kinase in diverse cell types predicted toxicity, 
clinical data have shown that the benefits far outweigh the 
liabilities. The success oT this drug suggests that Signal 
transduction pathways, though redundant for multiple signa- 
ling systems in diverse cell types, are v«^y cJ«msidcrauon as 

therapeutic drug discovery targets. This conclusion is supper- 
ted by the analysis of numerous gcnclargetcd mouse strains 
which have ted to the surprising conclusion that the phenotype 
achieved by the disruption of any specific syne is often linutcd, 
even tor genes Involved in signal transduction. A second 
observation is that the platelet stimuli often induce diverse 
respond*. For example, any one of the primary platelet 
agonists are capable of producing a spectrum of responses 

which could have pathological imputations, e^ *^™ n 
camsd by the activation of the receptor function or Cil' no- 
ma, expression c^procoaguhmt activity of pmmrombinasc or 
FXasc to catalyze the production of thrombin, generation or 

vasoactive substances such as TXA2 and serotonin to induce 
vaax^triction, release of prcinflarnmatory proteins like 
fl CD40L, RANTES and TGF-0 to affect vascular inflamma- 
tion including the progression of atfccroadcrattS, the release or 

growth factors such as FDGF to affect vascular remodeling. 

and the activation of secondary aggregation receptors such as 
SLAM, CD84 and the ephrins to smhuire thombi and cause 
vascular occlusions, As many or these responses would he 
expected to be regulated by a specific pathway. It Is reasonable 
to expect that these responses could he individually regulated. 
If true, this approach could inhibit plateH-depcndent pathol- 
ogies without compromising primary hemostasia. One poten- 
tial example Is PI-3 kinase and the regulation of the adhesive 
function of GP llb-Ula [73], 

The roles of secondary signaling events downstream of 
platelet surface receptors have been elucidated through genc- 
targeting studies in mice, and subsequent evaluation of their 
platelet phenotype* using both in vitro and in vfve techniques. As 
certain key platelet agonists such as ADP, thrombin, and TXA3 
all activate platelets through G prouin-couplcd receptors, 
genetic targeting of individual a-BubunitS of G proteins has 
been a successful strategy in studying platelet signaling down- 
stream of receptor activation. Characterization of platelets from 
mice lacking Ga and Gi* identified these three proteins us 
key mediators for ADP and TXA* receptors [27,74-761. 
Targeting of additional subunits (G* G* and Cue) sbowed 
little or no effect on platelet phenotype, which could be due to 

lack of coupling ofthese subunits to critical platelet receptors, or 

due to redundancy in the signaling pathways. Thrombin 
signaling has been shown to he affected by lack of G y G^ and 
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Q» to varying extents. In mice lacking both G H and Gu, no 
piglet Nation vupofflbk by ADP, TXA„ or thrombin 
P7L»«h!»8 that al last G a or G, 3 » required to induce some 
activation, and thai activation ofGi-iypc proteins alone w not 
sufficient far activation or mouse platelets. In these Gh/Ou 
doubWcfictent platelets, adhesion of platelet* to c^lagan w=u 
not affected; however, ass*gation in response to collagen fibril* 
as well as formation of stable aggregate* on collagcn<o*ted 
fturfeees was completely dtainatcd. taaddition 10 orfiettog ofO 
protein subunhs, targeting molecules involved in kinase «ana- 
Lg pathway* have resulted in mice with «ipatred platelet 
which b not unexpected grven th c fact that of 

the sre femlly (Csk, arc) have been shown to be P^*Uy 

platelet phenorype of mice lacking the tyroaine Wscjyk, 
critical for downstream signaling through the collagen receptor 

GFVL and also activated during outsWe-ln signaling and 

activation ofGP IlbJIla, exhibited defects in platelet activation 
induced by ADP ± epinephrine [78]. Mice lacking the adapter 
ufotcin SLP-76, which w on the syk aignaling pathway, have 
been shown to have defects In GF Ilb-nia signaling and collagen 
receptor responses [7SJ. The important role of downstream 
signaling molecuk* identified through gcne-iargcling studies 
may provide new opportunities for therapeutie mtervcntion for 

blockade of platelet activation, trombus formation, and 
adhesion. 

Evolving paradigm on the relationship of thrombosis 
to Inflammation 

Not only arc platelets critical players in mediating thrombosis, 
but recently their role in inflammation ha* become more 
appreciated. Although rt « widely accepted thai irtflamrnatay 
activities that orchestrate the progression of atherosclerosis are 
derived from Winonaf inflammatory cells such as monocytes 
and neutrophils, emerging data suggest that products released 
from platelets during thrombosis are actively involved in this 
process and that platelets are a prinnary fiOTiroeofinfiarmnairjry 
protein* within the circulation. For example, Sohober el al. [SO] 
reported that plaielets deposit AANTES onto endothelial cells 
in the injured vessel wan, and mat this interaction is mediated 
by P^clectin, a surface receptor mediating the attachment of 
platelets to leukocytes and endo thelium . Additional work from 
this laboratory showed that infusion of activated platelets into 
the aporT^ mouse greatly enhanced the rate of atherosclerotic 
lesion progression 181]. The exposure of P-scleciin following 
platelet activation is a key mediator of platckl^mikocyte 
interaction, and facilitates atherosclerotic lesion development, 
as demonstrated by Burger and Wagner [82]. In patients with 
acute MT„ plaielet^eukocytfi interaction is increased compared 
whh controls, and P-selectin levels have been shown to remain 
increased for at least a month following initial presentation in 
ACS patients with non-ST segment elevation 183], and even in 
patients with stable coronary artery disease. Antiplatelet 

therapy with a VXYn antagonist plus aspirin was shown 
to decrease plstclet^onocvte mtcracrions that occur- after 



coronary slotting [841 an effect not observed with anticoag- 
ulant* plus asrarin, suggesting that P2Y^ antagonism had an 
antiinflammatory effect distinct from it* tmtilhrombolio mode 
of action. Targeting of CD40L, another platcfct-dcrivcd 

inflamrnatory protein, cither through a blocking antibody 
[851 or via era-targeting [861, greatly inhibited lesion progres- 
sion in either LDLR^ or apcE^ mice, reapecnvery.^lublo 
CD«OL (sCD40L), the shed hydrolytic product of CD40L, 
93% of which Is platetet-dertvcdL has been shown to be a 
primary risk Carter for nthrrrwrlrrrmy thrombosis [871. In 
addition, the binding of pktcletKkmved sCD40L to endothelial 
cells can lead to the expression of tiasuc factor, a powit 
procoagulanx. Clopldocrel has been ^wnw inhibit 
Seduced CD40L expression, and to lower CEMOL levels 
in patients undergoing PCI 1**1 while asp™ does not £ rtius, 
acanTrorms of antiplatelet therapy, includmgP2Y, 2 mbibiuon, 
can Inhibit platcla prc-toflarnmatory responses. FwiaDy. recent 
data show that targeting of GP Ib-DC-V complex, a platelet 
adhesion receptor, in the apob^ mous« W<>cks leukocyte 
recruitment and the development of atherosclerotic lesions 
Inus, studies of the role of platelets in inuammauon may 
provide new potential targets for CVD through inhibition of 
atherosclerosis and/or thrombosis. 

Platelet monttoring 

The pharmaceutical industry and drug approval auntie* 
expect mat the early inroads into personalized medicine in the 
administiation of selected chemotherapies wUI ulomately 
extend to all drug classes. These early examples include 
screening for HBR2 positive irailvidnals in the ireateienl ^of 
breast cancer with Hcrccptin and the screening for EOF 
receptor for the treatment of lung cancer with gditailb [90]. 
More generally, by the time this manuscript is published, the 
CYP450 screen will most likely be available to detect too 
various isoforms of P450 which will be useful in projecting 
drug levels in individuals treated with a wide variety ofdruj?. 
While such strategies wQlbe of value to selecting and dosing 
antithrombotics, particularly for chronic use, access to blood 
of patients treated with antithrombotics continues to provide 
the best opportunity for monitoring the effect of any therapy 
or any combination of therapies on each patient being 
treated While suitable assays are available to monitor 
anticoagulants, the monitoring of antiplatelet drugs is not 

routinely performed. . ■ 

Evaluations of data from the current anrimrornbotics and 
their limitations have defined the assays required to bring 
personalised inedicine to the patient treated with antiplatelet 

drugs to prevent arterial thrombosis. Mm. platelet Amotion 
should he monitored in the context of rnrombosis. Platelet 
thrombosis hi vivo is initiated by adhesive proteins exposed on 
the vessel wall and stable thrombi result following adhesion, 

activation, aggregation, and thrombus stabilization, all occur*, 
ring under conditions of shear- As thrombus stability is one of 
the issues, continuous monitoring of thrombus formation is 
essential for dctcrrnirung the efiects of drugs that effect targets 
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involved in thrombus stability, tor example, in prostanoid 
metabolism and in ADP release. Although method* currently 
available such as light trarismhtancc aggrcgoinctry, the UUeem 
Rapid Platelet Function Assay and platelet activation markers 
such at P-selectin expression are effective In monitoring the 
ability of end product* of any one of these pathways to activate 
platelets, they arc ineffective in monitoring thrombosis, the 
physiological response of platelets to ihrombofienlc surfaces 
under shew. Furthermore, while the P FA- 100 device is capable 
or monitoring the time required for a platelet plug to form in 
apertures coated with ADP or collagen, it does not provide ft 

continuous monitortnfi of the thrombotic process. A second 
rcnuirernent Cor the personalized monilOrinC of drugs to 
prevent arterial thrombotic is that it should not only be 
responsive to diverse drug classes but also be capable of 
determining the net effect on thrombosis achieved by combi- 
nations of antithrombotic therapies. At the present time, the 
four drug classes used to treat p a t i rnK at risk for arterial 
thrombosis, asprin, GP Hb-IIIa antagonists, olopidogrcl and 
anticoagulants, are used in combinations not properly evalu- 
ated for their net effect on thrombosis. Drugs against 
additional platelet and coagulation protein targets win become 
available. Required are technologies that wffl readily permit 
evaluation of how combinations of flxese drugs affect throm- 
bosis in patients receiving these drugs. A third requirement is 
that the method must be capable of monitoring individual 
differences in response to therapy. As outlined above, individ- 
ual difference* in response to aspirin and clopidogrcl ha ve bee n 
observed - differences which appear to affect clinical outcome. 
VVTuTe currently available techniques such as light irarismittance 
aggregometry, Integra, or PFA-100 are useful in monitoring 
responsiveness to both of these drugs as rnooouicrapy, they arc 
M-suitcd to measure individual differences when combinations 
of drugs am employe^ 

that this problem would be amplified when drugs against 
additional targets would be mrroducccL Finally, as the antico- 

aen to is routinely used in blood collcctlon such as citrate or 
direct thrombin inhibitors such as PPACK affect thrombosia, 
the monitoring method must be capable of assaying non- 
ejinooagulated sample* of blood Perhaps the best example of 
anticoagulant interf erenc e in antiOxrombonc monitoring is in 
the development of GP Tlb-UJa antagonists where citrate 
anticoagulation markedly overestimates antiaggregatory activ- 
ity pi], The optimal method for monitoring mdrvidual 
thrombotic potential must be capable of cither performing 
the assay in the absence of anticoagulants or of being able to 
determine how any given anticoagulant affects the away. 

Use of perfusion chamber technology has perhaps provided 
the best hope of measurement of the thrombotic potential of 
individuals being treated with combinations of anirthrornbotie 
drugs. Perfusion chambers were designed 30 years ago in order 
to characterize the thrombotic process under shear conditions. 
The different types of perfusion chambers described in the 
literature Gin be classified according to their geometry (circular, 
annular, flat chambers) or the surfaces (blood vessels, isolated 
proteins) exposed to flowing blood. These techniques confer the 
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advantage of studying platelet irtlcracUons with a ihrombogcnic 
surface under specific conditions of shear rate with cither non- 
anticoagulatcd or antieoagukted blood. Major cwntributions to 
the field of thrornbosis have originated from use of perfusion 
chambers. For example, the critical role or WVK and its 
interactions with CP lb and GP Ub-Ula to mediate platelet 
adhesion and thrombus growth under arterial shear rates, the 
involvement of OF VI and of the intcgrin o2pi in mediating 
platelet adhesion and aciivadon on collagen. Inhibitors orP2Yj a 

and Cox-l have also demonstrated antithrombotic activities in 
this system [92]. However, perfusion chambers are mostly 
utilized by academic institutions or by pharmaceutical and 
biotechnology companies in order to identify or validate targets 
and to develop armthrombOuc drugs. Several limiting factors 
have prevented their use as a bedside device for nrionitoring drug 
efficacy in clinical trials - the skDl required to determine 
thrombus size was not readily available in clinical settings; quick 
readouts for the patient were not available; cad point quanti- 
fications left investigators without knowledge of the ldnctics of 
thrombus formation, the more critical information- 
Results from several laboratories, however, have made 
progress in modifying these devices to dicurnvenl these 
difficulties. Figures 3 and a Umctrate the utility of monitoring 
the kinetics of thrombosis in perfusion chamber assays. In one 
instance, using nnn-anticna£ulated samples of blood, wc have 
shown that Inhibition of FZVia. Cox-l. or FXa did not 

sigiuncantly reduce thrombus size after a a-rain perfusion 
period over a coDagcr*-coated surface. However, when more 
than one of these targets was mmTiited, pronounced anti- 
thrombotic araiviiy was observed In another experiment when 
human blood was anucoagulated with an FXa inhibitor and 
perfused through a chamber ui the real-time assay^ 
that P2Yu antagonism with clopidogrd did not affect the 
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initial thrombus growth triggered by fibrillar type III coltagen 
under arterial sheer ratss. Hoover, dopuiogrel 
tocmbi formed during the fin* 3min of perfusion to 
dlssoctaw. Control thrombi formal in the absence of clopt- 
donrei woe stable and continued to grow. This danoastraits 
th? limitations of end point analysis « the measured anh- 
tbromboUc activity b dependent on the time of uiurysa. 

K«rosi«nrvcly. this explain, an api^disci^ 

the evaluation or the phenotypc Of P2Y U ' mice [37]- KY„ 
mice demonstrate a cyclic thrombotic proce* «» visa, butonlya 
qualitative difference (Le. more loosely packed thrombO was 
observed after perfusion of non^tmcoaguiatsd blood for 
zs mta over type m collagen. Evaluation of mono- and 
combination therapies m this assay confirmed (he «Wh~m- 
botie eCBcacy of the different anri?lai«let *»«P«. 
Ufc-nfa antagonists being inhibitors of thrombus growth, 
aspirin and F2Yu antagonist dcsstabilizatfon agents, the 
combination aspirin + P2V« antagonism showing a faster 
destebUizatioa activity (Fig. 4). Thus, perfusion chamber 
technology is suited to meet die requirements of personalises 
medicine for individuals receiving antithrombotic therapies as 
die measurement is on thrombosis, it is responsive to diverse 
drug classes and it can be performed in the absence of 
anticoagulants. Future discoveries am required to adapt wdj 
technologies to devices that arc radily available to individual 
patients. Finally, several laboratories have reported measure- 
ments or the inflammatory activities of platelets, e.g. sCl^OL 
plasma levels, P-xtetin espxesaion, formation of platdet- 
teukocyie completes. As recent data show that the initarrria- 
tory activity or platelets is important in the progression of 
atherosclerosis, il would also be deeimble to develop methods 
to rapidly quanutiuc the platelet irirUmmatary activity in 
patients. 

Application of this personalized medicine approach to 
enutiu-ombotic therapies does have sigruhcam luirdles to 
overcome before it can be used to reliably modify therapy. 



FirsL a bedside monitor of the thrombotic potential of 
Xdual patients no;ds to be developed. Second, recognizee 

Sat mdivSuals will undoubtedly be heterogeneous with 
Zoct to vessel wall ihrombogcnicily. fading the load 
environment, results using this device need to be 
correlated with clinical outcomes. 

Conclusions 

The current repertoire of drags for the neatmoit or patients at 
Sk for arJrWthrombo* (e*. ACS. dfcbeh* P>*™£ 
peripheral artery disease. poat-AJ^ eurrendy 
Zs of drugs - -spirin, CP nb-fflr, nnty^ ibieno- 
pyridlncs, and anticoagulants. Although each or thMcd^B 
cfcZhss proven eOkacie* for dUTaenl indications, cadi has 
Utoitntions that continue to permit thrombotic events during 
their use. In addition. craciEtng dam suggest that a significant 
oatantafie of individuals treated with aspirin or clopidogrcl do 
rlt receive the expected therapeutic benefit from therapy 
because ore dex^reeponsiveness by ^P"** f 
directions in addressing these limitations wtil proceed in two 
parallel directions. On the one hand, it can he entailed that 
new druas, either offering improvements against known, 
vacated tergeta, or against recently identified targets, wi.l be 
fcrrthcoming. Recognizing that platelets are now known to be 
directly Involved in vascular mnarnmation including that which 
leads to the rwgraesion of atharoKteotic disease, it can he 
anticipated that some of these new therapeutic sw^ ^ 
not onto better address arterial thrombosis, but abo inhibit the 
ability of platelets to ddivcr iitDammatnry proteins and growth 
factors which affect aterosclerotic lesion development- On the 
other hand, ir has now become apparent thai improvements Hrc 
required in the devices used to monitor the thrombotic 
potential of individuals receiving therapy, both for the devel- 
opment 0 r new antithrombotic drugs and to measure the 
effectiveness or combined antithrombotic therapies. It would 
appear that the most effective device is that which mcairurce 
thrombosis In real time, is accessible to the patient at the point 
of drug administration, and can be performed In the absence oT 
anticoagulation. Such a device would be capable of monitoring 
the activities of new classes oT antithrombotics, of measuring 
variances of Individual responses, and in evaluating the 
effectiveness of combined antithrombotic therapies. 
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